The influence of collagen membranes on bone regeneration in rat tibia after piezo electric vs bur penetration by Al Azzawi, Mustafa
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2021
The influence of collagen
membranes on bone regeneration

















THE INFLUENCE OF COLLAGEN MEMBRANES ON BONE 







MUSTAFA AL AZZAWI 
 
B.D.S, University of Baghdad, 2010 
 
 
Submitted in partial fulfillment of the requirements for the degree of 
Master of Science in Dentistry 











Dr. Taisuke Ohira, DDS, Ph.D.  





Dr. Wayne A Gonnerman, Ph.D.  






Dr. Serge Dibart, DMD 












This work is dedicated to my parents, who guide, inspire and encourage me to learn more 
each day and support me in every step throughout my journey in dentistry by transfer their 





 I would like to express my deepest appreciation to my mentors Dr. Taisuke Ohira 
and Dr. Serge Dibart, for their constant support, encourage and willingness to guide me 
and teach me. Without their persistence and determination to accomplish a truly 





THE INFLUENCE OF COLLAGEN MEMBRANES ON BONE 
REGENERATION IN RAT TIBIA AFTER PIEZOELECTIRC VS BUR 
PENETRATION. 
MUSTAFA AL AZZAWI 
 
Boston University, Henry M. Goldman School of Dental Medicine, 2021 
Major Professor:Dr. Taisuke Ohira, DDS, Ph.D. 
Clinical Assistant Professor of Periodontology 
 
 
Background: Bone decortication is essential to activate bone based on the Regional 
Acceleratory Phenomenon (RAP), a post-injury transient bone remodeling phenomenon. 
The Piezoelectric knife with low ultrasonic frequency has been shown to cut bone with 
minimal invasive effect on soft tissues, less inflammatory response compared to 
conventional Bur that causes trauma leading to excessive inflammation. Previous studies 
have shown that using graft materials for Guided Bone Regeneration (GBR) had a 
significant beneficial effect on the healing process and the thickness of new bone 
formation. 
This study hypothesized that the piezoelectric knife would create a better tissue response 




Material & Method: Eighteen 9-10 week male Sprague-Dawley rats (300-350g) were 
purchased from Charles River Laboratories.  This study was approved by Boston Medical 
Center Institutional Animal Care and Use Committee. The piezoelectric knife (BS1 insert) 
of the Piezotome 2 (Acteon) was used for deep decortication and compared to a 
conventional carbide osteotomy bur (#1/2) with Mucograft (Geistlich) or OsteoGen 
(Impladent, Ltd) graft materials, Onlay graft material alone served as a control. Digital 
dentistry using Cone Beam Computed Tomography (CBCT) located and allowed precise 
cut of the area of interest without detached the surrounding soft tissue. Tissues collected 
from day 7 and day 28 were sectioned and stained with Hematoxylin/Eosin or Masson 
trichome stains. 
Results: The Cone Beam Computed Tomography (CBCT) scans significantly increased 
the success rate in locating and cutting the area of interest. Hematoxylin & Eosin staining 
showed on day 7 that piezoelectric knife activated a broad bone response and less 
inflammatory response. While recruiting and enlarging chondrocytes to the Mucograft area 
which will turn to new bone. The use of OsteoGen combined with piezoelectric knife 
resulted in thickening in the cortical bone around and above the defect area. 
Conclusion: Piezoelectric knife with Mucograft healed faster compared to bur or graft 
alone. The piezoelectric knife resulted in significantly increased bone thickness when 
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   Bone plays a critical role in diverse metabolic processes requiring calcium as well 
as in hematopoiesis while maintaining skeleton strength. Bone can regenerate in response 
to injury as well as during remodeling throughout life. Regeneration consists of bone 
induction and conduction with a definable temporal and spatial sequence involving several 
cell types and intracellular and extracellular molecular signaling pathways. Frost et al in 
1989 divided the bone response to injury into  five stages [1]: 
A) Bone intervention (fracture, injury).  
B) Granulation tissue (temporary healing involving soft tissue).  
C) Callus formation.  
D) Lamellar bone formation.  
E) Recontouring to normal shape by bone modeling. 
 
Each of these stages has essential steps leading to successful healing. Bone 
intervention starts the process by two mechanisms: 
• The local surviving cells respond to local or systemic messengers and stimuli. 
• Release of local biochemical and messengers, such as mitogens that stimulate 






Osteoclasts are multinucleated bone-resorbing cells that originate from 
hematopoietic stem cells. Osteoclasts resorb mineralized bone matrix and calcified tissue 
and release factors such as  RANKL (receptor activator NF-kB ligand) and M-CSF 
(macrophage colony stimulation factor)to activate adjacent cells[2]. 
1.1.2 Osteoblasts 
Osteoblasts are bone-forming mononucleated cells derived from osteoprogenitor 
cells located in the bone marrow and periosteum. Osteoblasts secret collagen type I and 
non-collagenous proteins such as osteopontin, osteocalcin and bone sialoprotein, 
Osteoblasts gradually transform non-crystalline minerals to more crystalline forms and 
secret alkaline phosphatase during bone mineralization that matrix vesicles initiated 
originate from the plasma membrane of osteoblast. These processes will allow space to 
deposit  calcium and phosphate leading to crystallization [3]. 
1.1.3 Osteocytes 
Osteocytes are mononucleated cells derived from differentiated osteoblasts that 
become entrapped within the extra cellular matrix secreted by them. Osteocytes are found 
in lacunae and connect with other osteocytes through small membrane projections that 
extend into channels called canaliculi. Osteocytes send mechanosensory signals to 
osteoblasts and osteoclasts during bone remodeling and contribute to  regulation of  bone 












The bone marrow HSCs reside either next to osteoblasts on the endosteal niche or 
adjacent to endothelial cells of sinusoidal vessels. HSCs and their progeny are surrounded 
by stromal cells derived from MSCs, which also reside in the bone cavity. MSCs can 




1.2 Healing process  
 
Our body’s natural response to any tissue injury is an inflammatory response that 
starts by recruiting immune and defensive leukocytes, neutrophils, eosinophils, basophils, 
and mast cells migrate to the site after receiving signals from injured tissue[6]. 
 
 
During the inflammatory response, cells signal to fibroblasts and lipoblasts 
(precursor cell for adipocytes) to start the healing phase by synthesizing and secreting 
intercellular materials such as collagen fibers which will work as a base to hold the other 
materials. Neovascularization brings on new blood vessels to nourish cells at the site and 






Granulation tissue will be removed by macrophages and replaced by new cells that 
proliferate and differentiate into chondroblasts and osteoblasts and mineralize the 
extracellular organic matrix of cartilage and woven bone to create a callus[2]. 
 
The callus initiates a signal to the basic multicellular unit (BMU), which activates 
osteoclasts to remove pre-existing hard tissues and then sends another signal to osteoblasts 
to replace it with new bone[7] 
 
 
Remodeling starts as the result of injury to the bone leading to apoptosis of 
osteocytes causing release of transforming growth factor β (TGF-β) which removes an 
inhibitor of osteoclastogenesis and allows differentiation of  osteoclasts[2] [7].  
 
The osteocytes send a chemokine, monocyte chemoattractant protein-1 (MCP-1), 
to activate osteoclast precursors and increase RANKL-induced osteoclastogenesis as well 
as osteoblast, progenitor cells. Cytokines, such as CSF-1, modulate bone remodeling by 
recruiting more osteoblasts [2] [7].  
 
Howship's lacunae, created by proteolytic enzymes released from osteoclasts. 
remain covered with demineralized collagen matrix. Mononuclear phagocytic cells remove 
these collagen remnants and prepare the bone surface for osteoblasts to form bone in the 





resorption to bone formation within the bone multicellular unit BMU. TGF-β recruits 
mesenchymal stem cells to the site of bone resorption [7] [2]. The mesenchymal stem cells 
will differentiate to osteoblast progenitors and then to osteoblasts to replace the resorbed 
bone[2] [7].  
 
1.3 Bone regeneration  
 
Initiation of Bone regeneration in preparation extraction sockets for implant 
placement after tooth extraction or ridge augmentation is a challenge for the dentist. In 
general, tooth extraction sites without socket preservation procedures will end up result in 
resorb approximately 35% of alveolar bone within the first 12 months  [8] [9]. The 
resorption occurs at the coronally buccolingual site as well as apically, according to 
Wolff’s law, which states that your bones will adapt based on the stress or demands placed 
on them. When you work your muscles, they put stress on your bones[10]. As a result of 
not preserving the bone after extraction the tissue will put more pressure on the bone and 
that bone will resorb[11], which will affect the implant placement because implant need 
enough amount of bone to be placed[12]. 
 
This challenge has focused on many clinicians including Dr. Wang  [13]  who 
introduced “PASS” principles to regenerate bone more successfully. These principles are: 





A: angiogenesis to provide the necessary blood supply and undifferentiated mesenchymal 
cells  
S: space maintenance/creation to provide adequate space for bone in growth. 
S: stability of wound and implant to induce blood clot formation and uneventful healing. 
 
Resorption of bone following tooth extraction will occur even when all 
recommended steps above have been followed. [8],  This resorption will interfere with 
successful implant placement or treatment for removable dentures. Bone grafts using 
different materials or allowing osteointegration of the implant have improved the success 
rate, Dahlin in 1988 [14] found that using a covering membrane resulted in significant bone 
regeneration. This was confirmed by Kotopoulos and Karring in 1994[15]. Guided Bone 
Regeneration (GBR) techniques have used collagen barrier membranes to prevent soft 
tissue down-growth and increase bone formation space.  
 
1.3.1 Collagen membranes  
Collagen membranes may be either resorbable or non-resorbable. They prevent 
migration of epithelial and connective tissue cells that delay healing and increase cells 
favorable to the bone formation such as mesenchymal cells and osteoblasts.  
 
Bio-Oss is an allergen-free bone substitute of bovine origin containing 10% 
collagen Type I. Sites in which it show the  formation of bone including lamellar bone, 






Mucograft is a collagen matrix composed of Type I & III porcine collagen. 
Mucograft is bi-layered with a thin and smooth compact layer composed of low-porosity 
collagen framework and a porous layer with a noncompact, three- dimensional collagen 
framework. Mucograft has shown its effectiveness primarily with soft tissue augmentation. 
Its use result in minimal inflammation and absence of multinucleated giant cells and a 
favorable tissue reaction [16], in addition to ease of handling, there is no requirement for 
preoperative hydration, and reduced chairside time[17][18]. In 2013 Cioban  et al [19] used 
Mucograft  with bovine particulate bone grafts after tooth extraction and found that 
Mucograft had a significant protective effect in  GBR  for ridge preservation [19]. Its use 
alone resulted in 4.7 mm increased bone deposition. When used in combination with 
platelet-derived growth factor (PDGF-BB, GEM21) it resulted in 0.7mm of new bone 
formation indicating that this material is beneficial in bone augmentation [20]. The results 
from these studies show that the use of Mucograft is not limited to soft tissue regeneration, 
but it can also be used successfully for hard tissue regeneration. Thus, Mucograft could 
replace conventional resorbable collage membranes in GBR protocols.  
 
OsteoGen is composed of a resorbable calcium apatite crystals and type I bovine 
Achilles tendon collagen. The graft material is homogenously mixed with the collagen to 
create a pliable sheet that simplifies application and delivery of the graft. Osteogen strips 
were developed to address clinical issues surrounding extraction and immediate implant 





process used during manufacturing generates osteoconductive and resorbable low density 
crystals and crystal clusters with unique calcium to phosphate ratio that is neither a beta 




1.3.2 Bone grafts 
 
Bone grafts added to the barrier membrane accelerate the healing of both soft and 
hard tissue and increase new  bone formation[20]. There are various type of grafts  [24]: 
  
A. Autograft: Autologous or autogenous bone grafts use bone obtained from the 
individual receiving the graft. Bone can be harvested from the iliac crest, 
mandibular symphysis (chin area), and anterior mandibular ramus (coronoid 
process). 
B. Allograft: is harvested from an individual other than the one receiving the graft. 
(Fresh-frozen bone, Freeze-Dried Bone Allograft-FDBA and Demineralized 
Freeze-Dried Bone Allograft-DFDBA) 
C. Xenograft: are bone grafts derived from an animal such as BioOss. 
D. Alloplastic graft may be made from hydroxyapatite, a naturally occurring mineral 





E. Synthetic bone graft:  Artificial bone made with different composition and 
mechanism of action to induce osteoinductive or osteoconductive activity. 
 
 
1.3.3 Regional Acceleratory Phenomenon  
 
The Regional Acceleratory Phenomenon (RAP) is the term invented by Frost et al 
in 1983 [25] to describe a sequence of events related to bone cells activation in response 
to certain stimulation to the area including tissue reaction. Frost et al found that the size, 
duration and magnitude of the response of the adjacent soft and hard tissue is directly 
related to proportional of the intensity of the stimulus. And that confirm what Goldman et 
al found in 1978 [26] when they mechanically stimuli the periosteum of dog with a needle 
result in acute inflammatory response followed by osteoclastogenic phase then osteogenic 
phase. In 2021, Kernitsky et al [27] also confirm the RAP phenomenon when they found 
the deep corticectomy will result in more bone turnover and more tissue activation and 
response.   
 
1.3.3 Bone intervention  
 
Bone perforation or intervention is a surgical procedure to penetrate the bone 





bleeding, induces angiogenesis to provide an ample blood supply and recruits 
mesenchymal stem cells that promote bone regeneration. 
  
There are mixed results about the benefits of selective cortical penetration. In  some 
studies migration of marrow cells from the perforation area increased bone formation while 
other studies showed no difference in bone augmentation between perforated and non-
perforated sites.[28] The surgical bur has been  used to stimulate bone formation but 
disadvantages include excessive heat generation and damage to adjacent tissues and teeth. 
A Piezoelectric device, developed by Vercellotti [29], has  significant advantages 
compared to bur[30]. 
 
The Piezoelectric knife converts energy into ultrasonic vibration and provides a 
minimally invasive technique that reduces healing time [31]. It produces less trauma to soft 
tissue such as blood vessels and nerves. The micro vibration also causes micro-damage to 
the bone that is associated with osteocyte apoptosis and release of signals for osteoclast 
recruitment to initiate remodeling[32]  These characteristics create a better host 














We hypothesize that selective cortical bone penetration using the Piezoelectric 
knife will activate bone turnover. Micro-damage from 3D vibration will induce osteocyte 
apoptosis, a release of cytokines and growth factors which initiate the bone remodeling 
cascades. 








The aim of this study is:  
 
• To evaluate bone formation after surgical intervention by the Piezoelectric knife 
compared to the surgical Bur with Mucograft or Osteogen. 






MATERIALS AND METHODS 
 
 
 Boston University Medical Center Institutional, Animal Care and Use Committee 
(BUMC IACUC) approved all animal procedures in this study (protocol 
PROTO201900099). The animals (N=18) were 9-week male Sprague Dawley rats, 
weighing around 300-350g. (Charles River Laboratories International). The rats were 
acclimated for at least 48 hours prior to surgery. The rat’s Health parameters, including 
body weight and hematologic data; were checked daily. The experimental groups were 
divided as follows: The piezoelectric knife (BS1 insert) of the Piezotome 2 was used to 
create a defect with OsteoGen (Impladent Ltd) on the right rat tibia (Group 1A, N=3). The 
piezoelectric knife (BS1 insert) of the Piezotome 2 was used to create a defect with 
Mucograft (Geistlich) on the left rat tibia (Group 1B, N=3). A conventional carbide 
osteotomy bur (#1/2) was used to create a defect with OsteoGen (Impladent Ltd) on the 
right rat tibia (Group 2A, N=3). A conventional carbide osteotomy bur (#1/2) was used to 
create a defect with Mucograft (Geistlich) on the left rat tibia (Group 2B, N=3). Onlay with 
OsteoGen (Impladent Ltd) without bone intervention on the right rat tibia (Group 3A, 
N=3). Onlay with Mucograft (Geistlich) without bone intervention on the left rat tibia 
(Group 3B, N=3). The defects in Group 2 were done using a template to ensure that they 
were similar in size and shape to those created by the BS1 Piezotome insert (Figure 2). 






2.1 Surgical procedure 
 
 
The animals arrived 48 hours prior to the surgery and their health and weight were 
checked before the procedure. |At the time of surgery rats were anesthetized with 
intraperitoneally administered Ketamine (75-95mg/kg), and Xylazine (5mg/kg) in one 
bolus injection. The tail-pinch test was used to check depth of the anesthesia. The rats' legs 
were shaved with an electrical clipper then sanitized with Betadine solution (povidone-
iodine) by scrubbing the shaved skin. The area was wiped done with 70% isopropyl alcohol 
and allowed to dry before the first incision. 
 
 
The incision was made approximately 1 cm below the knee on the tibia's medial 
side using a 15C blade. A longitudinal island full-thickness flap exposed the tibia (Figure 
3). Bone intervention was performed using a BS1 insertion and Carbide osteotomy bur 
(#1/2) with the template (Figure 4). Both corticectomies penetrated through the cortical 
layer of the bone, confirmed by visual evidence of bleeding. An OsteoGen (Implant Ltd) 
was cut using 6mm diameter tissue punch (INTEGRA, Miltix) and placed on the right leg 
tibia on top of the cortectomy area. Mucograft (Geistlich) was cut using a 6mm diameter 
tissue punch (INTEGRA, Miltix) and placed on the left leg tibia on top of the cortectomy 
area (Figure 5). The grafts were held in place by one modified horizontal mattress suture 





single interrupted sutures.  All sutures were resorbable (Vycril 5-0) (ACE surgical supply 




 After the surgery, the animals were closely monitored for recovery from anesthesia, 
then moved to the housing room when fully awake. Sustained release Buprenorphine 
SRLAB (ZooPham) used to reduce animal stress by injection times (lasting 72 hours). 
Application dose is 1.0mg/kg (0.3mg/300mg) for each rat (the weight at day 0 is 
approximately 300g, 9–10-week-old). Weight and health were monitored periodically till 








Figure 3  Surgical procedure of rat tibia   
A. Shaved leg and knee located and measured 1 cm to place the incision. B and C. full 









Figure 4 surgical precedure of rat tibia  
A.1 cm incision length. B. cortication with BS1 Piezoincsion tm. C. visual confirmation 











Figure 5   Mucograft material & tissue puncher  
This figure showing how to confirm the cutting size of the OsteoGen and Mucograft 







2.2 Sample collection. 
 
 After euthanasia, a 1cm incision was made above the knee, then the skin was 
carefully dissected and removed. The femur was located by visually following the femoral 
artery to its origin from the common iliac artery. The femur was gently disarticulated. The 
leg (femur, knee, and tibia) was fixed with 4% paraformaldehyde for 48 hours at 4ºC, then 
dehydrated on a 70% isopropyl alcohol solution. The soft tissues surrounding the tibia and 
knee were kept intact. 
 
The leg was transferred to another tube (50ml conical screw cap centrifuge tubes, 
USA Scientific,) following these steps as shown in (Figure 7). The tube was labeled with 
the sample number, group, and procedure. A sample holder stabilized the sample to prevent 
moving of the leg inside the tube.  Ten percent formaldehyde was added to preserve the 
tissue. The stopper at the top of the tube was taken from a 50 ml syringe. A black vertical 
line was drawn over the knee on the outside the tube after visually locating the knee to 







2.3 Cone-beam Computed Tomography 
 
 
 Each sample was scanned at least four times using Cone Beam Computed 
Tomography (CBCT) scanner, utilizing the I-CatTM Next Generation scanner (I-CatTM, 
Hatfield, PA, USA), with 8x8cm voxel, 0.125 resolution, and 120Kv. The device settings 
were standardized for all samples. The Cone Beam Computed Tomography was used to 




 For this study, a device was created to standardize the Cone Beam Computed 
Tomography (CBCT) scans and data for each sample (Figure 8). The device has an 
adjustable stabilizer base that sits on top of a non-adjustable unit. The device has a 
protractor on top and parallel to the bottom with a centered hole that fits a custom-made 
cylinder that sits in the center of the sample’s tube base. The cylinder has a horizontal metal 
pointer to indicate the angle’s degree of the tube on the protractor. The device was adjusted 
to be parallel to the floor to keep the tube in a vertical position in the center of the cone-
beam computed tomography using the machine’s laser. In addition, a small bullseyes level 







 After setting up the device with the tube, the sample was scanned and then the 
information transferred and converted into an In Vivo6 (Anatomage, CA, USA) software. 
At least four scans were made for each sample: 
 
 
A. First scan (initial):  A black line drawn vertically on the tube over the knee 
(assuming this vertical black line is the where the original incision line be, this 
black line was placed in the center of the cone-beam computed tomography’s laser 
on the same vertical line as indicated with a metal pointer.  The scan was taken and 
converted to an Invivo6 file. When file is opened, lines are drawn to sagittal, 
coronal, and axial centerlines to make a reference line for calculation and 
measurement. If needed one can rotate the axial section and measure the degree of 
the rotational angle and the shifting movement. The coronal section can be used 
then to measure tilting angle (if required). These measurements were calculated to 
find the best final sagittal section in the region of interest (Figure 9). The distance 
from the base to the area of interest was also measured too and calculated 9-20mm 
to fit in paraffin box. Invivo6 has a setting that shows density of the bone and tissue. 
This was used to double check that we reached the region of interest (Figure 10). 
Unfortunately, it is not dependable. If reliable it would allow us to calculate the 
density of the bone and the degree affected by the procedure. All sections with 
degrees and measurement been captured using “capturing to gallery” tool from In 








Figure 10 First CBCT (colored) scan 
The Cone Beam Computed Tomography scan file opened Invivo6 software with special 
settings that allow us to see different densities. Upper right section (sagittal) shows the 















After data has been collected from the first scan, the second device can transfer the 
information by putting the sample inside the box, between two attachments and using a 
laser beam to ensure that everything was aligned (black line, metal indicators (1&2) and 
the centerline of the second protractor (Figure 12A). The rotation degree is measured either 
to the right side (+) or left side (-) of the center of the second protractor, which is considered 
a reference point a regular calculator can be used to calculate how much the second 
indicator should be move. 
 
Confirming the accurate side and degree of rotation or tilting from the CBCT 
images saved from the first scan (Figure 12B), then two marker points were placed on the 
sample on the same line of the laser beam (Figure 13A). A straight green line has been 
drawn between two points. The shifting line was measured from the green using a regular 
ruler, and the blue line was drawn. Finally, the measurement from the base was market 










B. Second scan (confirmation): this scan is to confirm that all our measurement and 
data is accurate by using the same settings as mentioned earlier for all samples as 
the first Cone Beam Computed Tomography (CBCT) except instead of using the 
black line, this time will use the green line as the line were the machine’s laser 
beam and metal indicator of the first device are on one line. The samples were 
scanned, converted and the data transfer to In Vivo 6 file. 
 
Once the file is opened in the software, the sagittal, coronal, and axial lines are 
drawn after making sure the base of the cylinder is matching. The Cone Beam Computed 
Tomography (CBCT) is a 360-degree scanner and shifting are impossible. After applying 
the shifting or tilting from first scan’s sagittal section, the second scan's sagittal section 
will show the same image as the sagittal section from the first scan (Figure 14).  
 
There is some human error either from measurement and collecting data or 
transferring and applying the data to the samples; this could be avoided by double-checking 
each step. After confirming everything that the first and second scan match, sample is ready 












 After receiving the samples from the lab, the blocks were trimmed, and 10-micron 
sections taken until the appropriate tissue was reached then switched to 6-micron sections 
using a microtome (LEICA RM2255) (Figure 21). Multiple slides sections were taken from 




Figure 21 Microtome (LEICA RM2255) 









2.5 Histology process  
 
 Staining is important because it highlights certain features of the tissue deep to 
cell’s nucleus that help us in differentiation slides leading to better reading of histology 
section[33]. Staining process start with deparaffinized the slides after drying as preparation 
for staining. The deparaffinization process starts with xylene for 5 min then dehydration 
using graded alcohol solution starting with 100% for 5 min then 95%, 85% and 75% (5 
min each), with a final rinse with water.  
 
 
•  Hematoxylin & Eosin staining; this stain for group of cells. hematoxylin was commonly 
used to stain the nuclei and give them bluish color while eosin will stain the cell’s nucleus 
with pinkish color. After the slides were deparaffinized, the hematoxylin solution was 
applied for 3 min, then rinsed with tap water for 5 min or until all extra hematoxylin 
solution washed off.  The slides were then dipped in eosin solution for 20 seconds then 
placed in 95% and 100% ethanol to dehydrate before putting them in xylene for 2 min. 
Finally, Cytoseal 60 cover slipped with water-soluble resin to protect the stained sample 
and let it dry in the hood for at least 20min. 
 
•   Accustain Trichrome Stain (Masson); this stain for connective tissue (Tri-chrome mean 
three colors). Nuclei will be stained blue while muscles, erythrocytes, cytoplasm, and 





acid, acetic acid, and formaldehyde in an aqueous solution) was heated to 56C, the slides 
were submerged for 15 min, then put in tap water until cool, they were then rinsed with 
running water for 17 min to remove the yellow color.  Hematoxylin solution was applied 
on top of the samples for 5 minutes to stain the nuclei with bluish color and then rinsed 
again with running water for 5 minutes or until the extra washed off. The sample was rinsed 
with distilled water, then a pipette dropped Scarlet Acid Fucshin for 5 min and rinsed again 
with ddh2O. P/P Acid solution (Phosphotungstic acid + Phosphomolybdic acid + dH2O) 
was applied for 5 minutes using a pipette; then Aniline blue applied for 5 min. 1% Acetic 
acid for 2 min, then rinsed with dH2O. The slides were placed in 95% and 100% alcohol 
for dehydration, then xylene, and finally, the glass Cytoseal cover was slipped with water-


















3.1 CBCT analysis 
 
 




The data from CBCT was analyzed using SPSS software program and showed a 







Figure 24 H&E stain comparing Day 7 Osteogen vs Mucograft using Piezoelectric, 
Bur and Onlay alone, 4X. 
 
A.Control group. B. Piezoelectric with Mucograft. C. Piezoelectric with Osteogen. D. 
Bur with Mucograft. E. Bur with Osteogen. F. Onlay with Mucograft. G. Onlay with 




This figure shows the new osteoid areas (black arrowhead) depicting different 
tissue reactions to Osteogen vs Mucograft. Panels A & E are controls. Piezoelectric with 
Osteogen (Panel B) shows wide activation of surrounding bone and new osteoid formation 
at the defect and inside the bone marrow compared to Piezoelectric with Mucograft (Panel 
F) which shows less new osteoid indicating delayed healing.  Bur with Osteogen (Panel C) 
showed a greater inflammatory response compared to B and more osteoid (woven bone) 
compared to Bur with Mucograft (Panel G).  Onlay with Osteogen (Panel D) made more 
new osteoid that radiated outward the cortical bone and less inflammatory response 







Figure 25  H&E stain comparing Day 7 cortical bone (defect area) with Osteogen vs 
Mucograft using Piezoelectric, Bur and Onlay alone, 10X.   
 
 
A. Control group. B. Piezoelectric with Osteogen. C. Bur with Osteogen. D. Onlay with 
Osteogen. E. Control group. F. Piezoelectric with Mucograft. G. Bur with Mucograft. H. 
Onlay with Mucograft. White arrows are showing the neutrophil cells, black arrows are 




In Figure 25 the black arrowhead points to RBCs and capillary while the white 
arrowhead points towards neutrophils. Panels A & E are controls without any graft or bone 
intervention on day 7. Piezoelectric with Osteogen (Panel B) shows wider bone activation 
adjacent to the defect area and the presence of RBCs in an enlarged capillary indicating an 
inflammatory response within the defect area. The Bur with Osteogen (Panel C) had less 
bone activation to the adjacent area and a greater inflammatory response. The Bur with 
Mucograft (Panel G) shows an inflammatory response and less adjacent bone activation 
but more new osteoid formation that appears to be more integrated with the original bone. 
The Onlay with Osteogen (Panel D) shows a significant amount of new calcified osteoid 
formation on top of the original bone and less inflammatory response compared to the 









Figure 26 shows the cellular periosteum (white arrowhead) and the acellular 
periosteum (black arrowhead) and demonstrates the Osteogen effect on periosteum 
compared to the control cellular periosteum (black arrow) and fibrous periosteum (blue 
arrow). More osteoid forms in the onlay only (Panel C) compared to the control (Panel A) 
which shows a thin layer of cellular periosteum. Piezoelectric (Panel B) shows condensed 
osteoprogenitor cells close to cortical bone while the bur (Panel D) there were more 































A. Control group. B. Piezoelectric with Mucograft. C. Onlay with Mucograft. D. Bur 
with Mucograft. White arrows are showing the new osteoid formation, black arrows are 




Figure 27 shows osteoprogenitor cells (black arrowhead) and new osteoid (white 
arrowhead) and the effect of Mucograft on periosteum compared to the control. More 
osteoid forms in onlay only (Panel C) compared to the control (Panel A) which has only a 
thin layer of cellular periosteum. The piezoelectric (Panel B) had fewer condensed 






















A. Control group day 7. B. Control group day 28. C. Bur with Osteogen day 7. D. Bur with 
Osteogen day 28. E. Bur with Mucograft day 7. F. Bur with Mucograft day 28. G. Onlay 
with Mucograft day 7. H. Onlay with Mucograft day 28. I. Onlay with Osteogen day 7. J. 
Onlay with Osteogen day 28. K. Piezoelectric with Osteogen day 7. L. Piezoelectric with 
Osteogen day 28. M. Piezoelectric with Mucograft day 7. N. Piezoelectric with Mucograft 
day 28. Arrows are showing on day 7 the graft materials and new osteoid formation, on 






Figure 29 Trichrome staining for Day 7 and Day 28 samples 4X 
 
A.Control group day 7. B. Control group day 28. C. Bur with Osteogen day 7. D. Bur with 
Osteogen day 28. E. Bur with Mucograft day 7. F. Bur with Mucograft day 28. G. Onlay 
with Mucograft day 7. H. Onlay with Mucograft day 28. I. Onlay with Osteogen day 7. J. 
Onlay with Osteogen day 28. K. Piezoelectric with Osteogen day 7. L. Piezoelectric with 
Osteogen day 28. M. Piezoelectric with Mucograft day 7. N. Piezoelectric with Mucograft 
day 28. Arrows are showing on day 7 the graft materials and new osteoid formation, on 
day 28 are showing the bone remodeling areas and the new bone has been formed. 
 
 
The two figures above (28 & 29) are H&E stains in which hematoxylin stains the 
nuclei a bluish color and eosin stains the cell nucleus a pinkish color. The trichrome stain 
confirms the H&E and stains nuclei blue, while muscles, erythrocytes, cytoplasm, and 
keratin stain red and collagen that is included in bone stains bluish.  The control for day 7 
(Panel A) and the control for day 28 (Panel B) show little difference.  The Bur with 
Osteogen (Panel C, Day 7) caused significant bone activation and new osteoid formation 
in the graft area that increased by day 28 (Panel D) with thickening in cortical bone around 
the defect area and some remodeling areas in cortical bone. The Bur with Mucograft (Panel 
E) had little activation or new osteoid bone in the graft area on day 7 but on day 28 (Panel 
F) showed thicker cortical bone around the defect area.  Piezoelectric with Osteogen on 
day 7 (Panel G) showed bone activation around the defect area and the thickest osteoid 
formation in the graft area and more calcified new bone on day 28 (Panel H). The 





graft area with some collagen deposited in the area of the graft. On day 28 (Panel J) the 
bone appeared to be completely healed with thicker cortical bone formation. The onlay 
with Osteogen (Panel K, day 7) had the graft pushed little bit aside and the cortical bone 
activated and thickened which is almost unchanged on day 28 (Panel L) but the bone is 
more condensed and calcified in graft area and in cortical bone area.  The onlay with 
Mucograft (Panel M, Day 7) shows some cortical bone activation but activation had started 
in the graft area compared to day 28 (Panel N) when the graft material was almost resorbed, 







Figure 30  H&E stain for Day 7 Mucograft and OsteoGen with Piezoelectric, Bur and 
Onlay alone 20X. 
A. Control group. B. Piezoelectric with Mucograft. C. Piezoelectric with Osteogen. D. 
Bur with Mucograft. E. Bur with Osteogen. F. Onlay with Mucograft. G. Onlay with 





Panel A is the control group.  Piezoelectric with Mucograft (Panel B) shows a large 
number of enlarged chondrocytes recruited to the area. C Piezoelectric with Osteogen 
(Panel C) show collagen deposition with some graft material remaining.  The bur with 
Mucograft (Panel D) had some graft material remaining and some neutrophils in the area 
indicating an ongoing inflammatory process in the area.  The bur with Osteogen (Panel E) 
had few neutrophils in the area with wider extent of collagens deposition around the graft 
and some gaps still present. The onlay with Mucograft (Panel F) shows some graft material 
still present with collagen deposited around the graft with fewer neutrophils. The onlay 






















 The result from this study shows a difference in tissue reaction and wound healing 
in response to the graft materials with different bone interventions on both day 7 and day 
28.  Frost et al in 1983 [25] described the Regional Acceleratory Phenomenon (RAP), as a 
post injury tissue reaction to a stimulus that depended on the intensity of the stimuli. A 
higher intensity stimulative such as deeper bone penetration will result in a higher tissue 
reaction. In our results we show a significant soft and hard tissue reaction to Bur, and 
piezoelectric knife when both are used for deep decortication. The bone reacts on day 7 on 
both onlay with Mucograft and Osteogen in response to full thickness incision placement 
even there is no bone intervention. The tissue reaction was less than deep decortication 
because the intensity of flap only is lower [27]. 
 
 
  Frost et al in 1989[1] divided the bone response to injury into five stages: bone 





in sequence. Our studies clearly show formation of callus on day 7 in all samples in the 
defect area and within the graft materials of both Mucograft and Osteogen with 
piezoelectric knife, bur, and the graft material alone. On day 28 the remodeling phase is 




On day 7 a large number of fibroblasts, were recruited to the defect area and around the 
graft materials. This is a sign of collagen deposition as a response to early inflammatory 
cells signaling. Our study also show new vascularization in the area which brings more 
blood cells to nourish the area that contains the defect and graft materials and confirm the 
results of Florencio-Silva et al  and Majidinia et al [4] [2] 
 
 
In 1965, Urist et al [34], found that when bone particles were  placed in the muscles of 
rabbits, the tissues reacted differently depending on the size and shape of the bone particles 
that had been placed. The graft area went through the bone healing stages. Most of them 
were surrounded and enclosed by fibrous tissue cells. Our study showed that on day 7 some 
of the graft material was pushed away from its original location. Collagen deposition 
occurred with new osteoid formation, that started to calcify. On day 28 the enclosed graft 







 Previous studies show conflicting data about the results of decortication depth. 
Recent studies from our lab [27] [32] shows that deep penetration through the cortical bone 
will activate more cells and in turn will amplifies the tissue response to increase 
osteoclastic activity in the cortical area. New bone formation occurred on the periosteum 
side as Mueller et al [35] discovered. The increase in cortical bone thickness by day 28 
reached 60% with 20% in the periosteum. Kernitsky et al [27] confirmed the effect of deep 
penetration vs shallow or no decortication. In this study we found similar results on day 7 
and day 28 especially in the defect area with deep penetration and on the periosteum on the 
outside. New osteoid formation occurs on day 7 and was completely filled by day 28. The 
periosteum on the graft material showed graft resorption and accelerated substitution by 
new formed bone. That supports David et al[36], in 2021  findings on vascularization effect 
of the periosteum. 
 
 
The Piezoelectric knife was invented in 2000 and has shown  significant advantages 
over conventional carbide bur for decortication due to minimal invasive effect [31] [37] on 
soft tissue especially with the 30Hz frequency that we used in our study  [32], if used 
without excessive pressure [37]. It will generate excessive heat when too much pressure is 
applied. In general there is less heat generated from piezoelectric leading to less tissue 
damage, cell death and less immune response [39]. This will expedite the healing process 





and vascularization. [31] The wider activated area is wider when using the piezoelectric 
knife compared to the conventional bur. Our study shows similarity that immune response 
to a conventional bur is higher than the piezoelectric knife and both are higher than the 




   When the Mucograft was used with piezoelectric knife there was excellent healing 
and less immune response on day 7. The presence of hypertrophic chondrocytes indicates 
a high level of phosphate, non-collagen proteins, and angiogenic signals. Osteonectin, 
osteopontin, osteocalcin and bone sialoprotein present and involved in mineralization of 
the  matrix  and initiation of new bone formation in the area[40] [41], hypertrophic 
chondrocytes that undergo apoptosis corresponds to the areas of the graft in the 
degeneration phase, and will be removed by osteoclasts [42]. The space left by the 
apoptotic chondrocytes will be filled later by osteoprogenitor cells use this base matrix as 
a scaffold and secrete osteoid forming the cancellous and new bone [43]. Previous studies 
also show that chondrocytes can differentiate into like osteoblasts and osteocytes [44] [45]. 
The use of Mucograft results in soft tissue augmentation. Minimal inflammation and 
absence of multinucleated giant cells and a favorable tissue reaction and work as scaffold 
for fibroblast [46] [16], In addition to ease of handling, there is no requirement for 





deposition by day 7 and increase thickness of new bone on day 28. Confirming the results 




Sample preparation for histological processing used to be a challenge to find the 
area of interest and to keep hard and soft tissue intact. Digital development allowed changes 
to the process and increased the accuracy of the results Brain et al [48]. In this study we 
used digital dentistry, the Cone Beam Computed Tomography (CBCT), to pinpoint the area 
of interest. Our results confirm the significant benefit from the use of digital technology. 
 
 
Further studies are needed to define changes in the early stages (day 3) or late stages 
(between day 7 and 28) the tissue reactions to the graft and the sequence of immune 
response. Focusing on day 14 should define the collagen and new bone formation stages 
the occur before the final remodeling phase that we see on day 28. In addition, the use of 
more histological staining to confirm cells activities such as TRAP stain for osteoclast 
activity, PSR to define the type of collagen (type I or III) deposited. Studies using different 
















 Within the limitation of this study, we concluded that the use of a 
piezoelectric knife has a better bone response and creates a suitable environment 
for faster healing when combined with Mucograft compared to bur with 
Mucograft, which have a more inflammatory response and that delay the 
recovery. Also, when piezoelectric knife been used with Osteogen graft 
material, it shows a significant amount of thick bone formation, which is very 
important for guided bone regeneration procedures outcome to place an implant 
or other prostheses when compared with bur which shows some bone formation 
but while using the Osteogen graft material alone without bone intervention 
shows some minor bone formation in compared to Mucograft only which on the 
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